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rise procress rep<:'rt this project ues 
delivered bo the Govt, of J il’ K in September 1887. It 
is reproduced in Appendix A. 

Subsequent to delivery of this first progress 
report, research scientists of TEFil visited Gtakna and 
Srinagar and mot with several important officers of PDD, 
concerri'^^d with civil and electrical construction and 
operations. To inc'orporate the detailed discussions 
with these officer.s, TEFI ha.s made several significant 
changes to the retrofit measures recommended in the 
first progress report. These alterations take into 
ao-count the structural and operational requirement at 
t he o t. o kn a P-awe r h*:’ u se . 

The modified recommendations of passive solar 
heating of the Stakna Power house are presented in 
Appendix B. 

Based on the structural and operational 
requirements at Stakna Powerhouse, TERI undertook a 
series of detailed computer simulations of the hourly 
thermal performance of the Stakna Powerhouse. The 
performance predicted after retrofitting (based on the 
rcc-jruiiicri'iat ions of Appendix Pi is shown in Table 1. The 
predicted hourly indoor temperatures for the first day 
for the montVis of March, June, September and December is 
shown along with the ob.served outdoor hourly 
temp^eraturos in Figs. 1-4. It is seen that the indoor 
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TABLE 1 

ANNUAL TIME VS. TEMPERATURE PERFORMANCE 
PREDICTED FOR STAKNA POWERHOUSE 
AFTER RETROFITS 
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Appendix A 

PASSIVE SOLAR RETROFIT FOR HEATING OF 
STAKNA POWER HOUSE 


First Progress Report 


Ashok Gadgil 
Sanjay Rastogi 


TATA ENERGY RESEARCH INSTITUTE 
NEW DELHI 


September 1987 
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Thermal performance of -the Stakna Power House was 
simulated on a computer for predicting hourly indoor air 
temperatures in the power house under the following 
conditions. 

(i) The power house building as it stands without any modi¬ 
fications, assuming an infiltration rate of 10 ACH (Air 
Changes per Hour). This high infiltration rate is 
based on observations of open single sheeted roof and 
large openings under the roof awnings on the east and 
west walls. 

(ii) Thermal simulation of the Stakna Power House with 
various retrofitted measures described below, and 
assuming a realistic infiltration rate,and generation of 
internal heat at rates of 20 kW, 10 kW, and 0 kW 
respectively. These three internal heat generation 
raises were assumed corresponding to a 1 per cent loss of 
energy in the generator (core hysterisis and friction 
losses) at electricity production levels of 2 MW, 1 MW 
and 0 MW (power station shut-down) respectively. 

The measures recommended for passive solar retro¬ 
fit of the Stakna Power House are listed below. These 
measures are based on site visit to Stakna Power House 
and discussions with the responsible officers by Dr. 
Gadgil in March, 1987. Based on subseq.uent inspection, 
measurments and further discussions with engineers and 
officers dealing with this project, the measures 
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recommended below may be slighbly modified for ease of 
insballabion, higher reliability of workmanship and 
thermal performance, and other such factors. 

1) The inside surfaces of the exterior walls facing East, 
West, and North should be lined with 6" thick 
insulation of rock-wcol (mineral-wool). The insulation 
should be then surfaced with Asbestos Cement (AC) sheets 
or Galvanised Iron (GI) sheets. 

On the South wall below the water level, the 
inside surface should be lined with 6" thick insulation 
of expanded polystyrene foam (trade name THERMOCOL). 
The inside surface of the insulation should be again 
lined with AC or GI sheets. 

2. The South wall surface above the water level (between 

2 

3486 m and 3495 m above MSL), should have 307m trippie 
glased windows made of Poly Vinyl Fluoride (PVF) film of 
4 mil thickness. This film is commercially available 
from Du Pont of USA (trade name is TEDLAR). TEBI has 
identified at least one supplier in India who can 
provide pre-fabricated windows with aluminium frame 
trippie glased with TEDLAR for a reasonably low cost 
(approximately Rs. 1500/- per square metre of trippie 

glased window installed in Leh). The reasons for 
preferring TEDLA^R over other solar glazing material are 
as follows : 
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2.1 TEDLAR tripple glased windows has 20% more 
transmiftance than tripple glased glass windows 
and thus provide 20% more heat input, 

2.2 TEDLAR has been field tested for at least 10 vears 
in the USA. 

2.3 TEDLAR cannot shatter on impact. 

2.4 TEDLAR windows are extremely light weight and will 
have less than 0.5% damage rate in transportation 
to Leh. 

2.5 TEDLAR windows are cheaper than glass windows. 

3. The North exterior wall of the building 

2 

should have a total window area of 24 m which 
should consist of tripple glased windows. These 
may be glass or TEDLAR or a mix of the two types. 

4. The turbine floor level should be insulated with 2“ 
thick polyurathene foam slabs which should then be 
surfaced with floor tiles of appropriate material, 

5. A suspended false ceiling should be erected at a 

height of 3495 m above MSL above the generator 
floor, and at a height of 3487 m above MSL in the 
North (office) wing of the building. These two 

false ceilings should be connected to each other by 
a continuous vertical strip of false wall that runs 
the entire East-West length of the building. The 
construction of the false ceiling should be as 
follows : 
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5-1 The bottom-most layer of the false ceiling to be 
made of appropriate load bearing surface to 
support the insulation. This material could be 
corrugated AC or GI sheets or flat AC or GI 
sheets or any other suitable material. 

5.2 A 4 mil of polythene film should be laid on top 
of the bottom-most supporting layer of the false 
ceiling. 

5.3 A 6" thick batting of mineral-wool insulation 
should be spread on top of the polythene film. 

5.4 A 4 mil film of polythene should be placed on 
top of the mineral wool insulation. 

5.5 The film should be covered with corrugated or 
flat AC or GI sheets. 

The same construction as above should be applied 

the vertical false wall that connects the two 
iifferent levels of false ceilings. 

3. Six blowers with a total capacity of 12,000 cfm 
should be installed at the top of the building 
(below the false ceiling) to continuously stet air 
through canvas tubes (diameter 1 m) suspended from 
the ceiling down to the turbine floor level. 
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The predicted time versus temperature chart 
of the hourly indoor temperatures of the Stakna 
Power House (after the suggested retrofits) is 
given on the next page for a full year. 
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Appendix B 

Specifications of Retrofit Procedure 


Insulation Of Turbine Level Floor 


1.1 The fnii turbine floor ’-jili he oovere'i with ■> om (2 
inch' thick slobs polyurethane foam at K 

<thermal conductivity j value not more than 0.02 
w /m- . 


Recommended 
Supplier: 


S:" n t h e t i c Fa i5\ L i m i t e d , 

Bhandari House, Third floor, 

91, hehru Place, Mew Delhi, 
Recommended slab sice 8 x 4 feet 


1.2 Polyurethane slab.s will be covered with w.^od 

floorin.q and tPien with linoleum of design and 
quality approved by FDD. 


1.3 The steel doo-r (1.2m x 2.35mi on the west wail to 
be lined with 10 cm polystyrene foam slabs (minimum 
density of 18 k,g/cu.m. and K of 0.04 ) , sur¬ 

faced with 22 gauge GI sheet. 


Insulation of False Ceilings and Construction of a 
False Wail 


.1 The existin.g fai.se ceilings (at height of 3495 m 


id 3 4S1 m 


’■e MG Li will be insulated with 2G 


(3 inch) resin bonded glass wool of density 24 


kg/m‘^ and K of 0.026 W/m'"C. Installation details as 


shown in Fig. B1. 




Recommended Supplier: n.P. Twiga Fibreglass Limited 

Twiga Hc»use, 3 Commuriit.y Centre 
East of Kailash 
New Delhi - 110 065 

2.2 A false wall will connect the two false ceilings 
along the entire east-west length of the building. 
Its construction will be as shown in Fig. B2. 

2.3 Ceiling tiles for the two false ceilings are 
already in place. The false wall needs to be 
constructed. 

2.4 Plastic films (polythene film, of thickness 4 mil 

= 0.1 mm) must be laid on the inside surfaces of 

the false ceilings and the f.alse wall so as to 
obtain an airtight fit. The film must be laid 
carefully over the two Joints between the false 
wall and the two fcilse ceilings so that no crack 
remains for air escape. 

3. Dismantling of Part of South Wail, And Closing 
of Part of the Windows on North Wall. 

3.1 All windows (gla.5s and frames) on the south wall to 
be removed. 

3.2 All portions of the south wall sjade of hollov? 
concrete block between 34 37 M and 3495 M to lie 
removed. 
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T? 


te maae abe 
ceiling. 


‘ .. r i; 1 a r h ■:« 1 e s e a o ii t •a r 2 ■rr.ni- 

n ii erne ter 4 5 ers = 10 inch- , te 
lir.tela and juat be lew the falae 


On the ncrtii wall at the Generator floor level, 
there 3re eight wir;dov7s. Gl:iss and steel frame 
frc-ni these windc'W': tc be removed, and the resulting 
openings t'j re 1 ^'Ok'^d vjitli holl-tvj oore ocncrete 


ricks exceo'*' fi 

<: c a 0,5 - q - m 

triple 

paned 

pref abri: ate d '■-’iad : 

►7 P an el t ha t s ho u 1 

d te inctoiilecl 

in e a c h ope ring. 

See Eig. S3. 

The 

three 

V e n t i 1 a 1 0 r w 1 n d 'j z 

-cn the north wall 

should 

a.Iso be 


triple paned. 

3.5 Each of the 0.5 sq.m, windows (above) must be 
triple paned. 


3.6 At the 3487 m floor level of the auxiliary bay, 
there are a total of eight windows facing North. 
A triple paned window panel of area approximately 1 
sq.m. will be installed irx place of each existing 
window. The remaining part of each window opening 
should be blocked with hollow core bricks. 


3.7 The lower half of each triple paned window (in 3.6 
above) will be operable. The upper half portions 
will be fixed. 
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^ 11 ’J.'J ^ t. 


i/i 1. IT Z. _ 

TEDLA^ 
in Fi; 


i" 'F 




W i r.' d ; w d i rrie r* s i :■ n s t ■:) b e 


.nowri 


t: A 


3.9 Each. .'.-t ihcr three existing winii^ws ■: n the east 
wall 'jf the auxiliary bay should be replaced with a 
triple r'Hned wind-i.-w panel of area 0.5 sq.m. .a.!3 
shC'W:; in Fip ?4. Rem?, in in g .gla-ss and .steel fr.a.rne3 

t'? be rsicc'ved and exces.s cpenings closed V7ith 
h'jii'?w-eore cc’ncrete blocks. The ventilation port 
on the east wall .should be closed. 

h 10 On the west w.all of the machine hall there are 5 

windc’ws . Of tlie.se, the three windows <?n the south 

edge of the west w.all to be blocked with hollow 
c<?re concrete blocks. The remaining two window,s 
should be each replaced with 3 units of 1 sq.m, 
triple paned TEDLAR wind'tw p-anels. Rest of the 
openingis to be blocked with hollov? core corxcrete 
block.5. See Fig. B5. 

3.11 Four window p.anels, each of 1 sq.m, triple paned 

TEDLAR, to replace in place of the existing two 

windows and two ventilators on the west wall of the 
auxiliary bay. 

3.12 Spacing between consecutive panes of triple paned 
windows should be between 4 cm. and 5 cm. 
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4. Cons'bruction of Solar Wall 

4. 1 At a distant*? cf 3C cil fr-i'in t.fi'i* 'riit " r if 

the south wall, a wall of triple P'-an^-vi TSD'-iA.H 
wiridC'W panels will ccnstructed between 34A5iTi and 
34 37:ti 5 f:r tlie full length (36n} of the building. 


Th‘^ ton ^ a 


.d 

C" ■{• 

gap.5 

between 

the 


p a 11 e i. w a j. 1 a n i 


e 

S'OUt 

h wall 

t'j be 2 1 

O S. *3 C 

as per 

t he 0 c-ns t r* ict i ’ 


sr. 

■ C Wti 

in Fig 

H ^ f* j v* 

ti:e 


f ao iric g c p. 









4.2 The TEDLAR wind-aw panels >."111 be fined in I shaped 
M5 charin-jis vjhioh are supported by cress-rienibein: 
gr'iuted in the south wall. All airgaps between the 




jacent v^indo-w panels, and between the panels 


the I chaiinels should be sealed with liquid 

P j1yu re tha ne f o am. 


5. Construction of Moving Insulation For Rolling 
Shutters 


6.1 An insulation panel of dimensions 6m (width;, by 
5.5m (height) will be prepared as shown in Fig. ET. 

5.2 The polystyrene focim blocks (density 18 kg/cu.m., 
thickness 10 cm) will be assembled inside a cage 
made from 18 gauge MS strips. GI sheets 22 gauge 
will be fixed to the these Mo strip cage with self 
threading screws and washers. 


5.3 Guide rails, an electric motor 


and a winch will be 
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provided to raise and Ic^wer the panel in ir-^nt c-f 
the rolling shutters. 

5.4 The bottom edge of the insulation panel will be 
lined with 2.5 cm (= 1 inch) layer of polythene 
foam. 

Recommended supplier: Profeel Sentinal 

Universal Bldg. 

2/2, Asaf Ali Road 
New Delhi 

6. Insulation on Inside Walls 

6.1 The inside surfaces C'f north, ea.st, west wall.s to 
be insulated as shown in Fig. B8. 

6.2 A grid of 6 mm mild steel bars will be grouted into 
the wail being insulated. The rods will be spaced 
1.25 m, from each other, center to center. The 
length of ectch rod projecting outside the v^all will 


be 19 

cm. 

The free 

end cf 

each 

rod will 

have a 

Mild 

steel 

cross ta' 

ck-weld 

ed or 

fitted to 

it a 3 

shown 

in Fig. 

B8 . 






6.3 

1 s t r i P s 

of widoh 

15 cm an 

d t h i c hn e s s 


gauge 


wrili be laid 

hor iso'nt 

ally on 

t he bolts . 



6.4 

Two rolls 

of resin 

bcuided 

gl as .swC'Cti i 

115; t 

ulation 


thichness 4 

iirohes v’i 

1 .i. l*e p 1 

aced on each 

a I 

strip. 


6.5 

Square GI 

sheets. 22 gauge an 

d 1.25 r;. x 1.2 5 m 

ii. 


sice will 

be fixed with self 

threading screws 

and 


w’a.shers to 

the MS crc'ssec cit 

ends C'f bc'lts 
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showri in Fig. 3. In 


are available witli FDD, t.h?y ::.?y l-r ';.:e3 in ylrce 
of plain GI sheets. 

6.6 Polystyrene foam slabs, thirkness 15 om, to be used 
for insulating all the s-auth wall area belaw 348Trc. 
Installcition as in 6.2 and 6.5 above. 

7. Air mixing devices 

7.1 Three blowers, each of capacity 4000 CFIi, will be 
installed just below the fciise ceiling of the 
machine hall. The blower-s will be 1 cheated 
dirertl:-’ above the openings in the generator floor. 

7.2 Canvas tubes (of diameter = 1 meter) will be used 

for ducting air from the blDwcro downwards. Three 
ducts will extend straight vertically down to 

the turbine floor le’/el through the alresidy 

existing openings in the generator floor. 

7.3 Four exhaust fans, (diameter 45 cm - 18 inch 

nominal) will be fixed in t.he four holes in the 
south wail provided just below the machine hall 
ceiling. The fans should have capacity of about 
2200 CFM under free flow conditions. 
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8. Modifiea■ione 


E* d b' 


Jill’'.' ?.dj let.-nont£. be t-he ab«.’","e 
bh :■ ; nbr p^ct'Di* ir. C'jTieuit-'atIc; 


Wl' 


£ 11 e £■ 0 




corrugated G.l. or Asbestos 
Sheet for protecting the 









22 guage G.L Two rolls of 10 cm each 0.1 mm. Polythene 22giiQge 



Pig. B2: 


Details of False Wall Construction 















oco 


3 487 

5 eve 

L. 

5482 

above 

S.L. 

North 




Fig. B4: East: VJall Interior View 

Crossed areas to be blocked 

Clear to be triple paried 










South 


3487 
abcv e 
S.L: 



1.2 K“ 


| 0.6 



3482 

above 
S L. 


North 


Dimensions in metres 


Pig. 35: West VJall Interior View 


Crossed areas to be blocked 
Clear areas to be triple paned 










lOcm thick Polyurethane 
foam clad in 20 guage 
6.1. sheet 



South Concrete 



o 


c 









18 guage 
(Vt.S. strips 



Fig* B7: Insulation Panel for the 

Rolling Shutter (not to scale) 




G.l. sheet 



Fig. B8: Details of Ins-ulation on Inside 
Walls, N, E and W 


